contra-indications which I observe are: persistent temperature of 101°F.; haemoptysis; severe mixed infection of lung and general debility, where the tissues make no effort at resistance, and the formation of antibodies.
In conclusion, I have not thought it desirable to lay statistics before you showing the results of treatment, for the reason that it is not possible even approximately to gauge the exact amount of good which has been done by any treatment in particular. Many of my patients have recovered without tuberculin, and I am glad to say a great many more have recovered with it, and I am convinced that the best treatment we have to offer to-day is the combination of sanatorium with tuberculin. I have injected forty children whose parents were phthisical with small doses of tuberculin, in the hope of establishing some degree of immunity and protecting them against a possible infection, but so far the results are negative, although I believe much may be done in that direction in the future. Tuberculin is a most valuable aid in the treatment of tuberculosis, but it must be used with care and discrimination, and with a full knowledge of its dosage and therapeutical effects.
Dr. W. D'ESTE EMERY: I feel that an apology is due from me for taking part in this discussion, which I understand is to be on the use of tuberculin in phthisis. My experience in this disease has not been large, though I have seen and obtained good results in it. The cases I have treated have been mainly surgical, partly because I have had more opportunities in this direction, but mainly because I feel that in learning the use of a potent remedy like this, and one that is still in the experimental stage, it is best to begin with the simplest cases first. In cases of localized surgical tuberculosis, especially those of the iris and other parts of the eye, it is possible to follow every effect of the treatment, and to see at once whether it is doing good or harm. Further, it is easy to select cases in which secondary infections can be definitely excluded, and a potent cause of danger in tuberculin therapy thus avoided.
I should like to say a few words about the different kinds of tuberculin, since that is a source of difficulty to the beginner. There are two main classes of preparations, the soluble and the insoluble, corresponding to a very large extent to the exo-and the endo-toxins.
The former. consist of metabolic products given off by the bacilli, whilst the latter consist of substances which remain locked up in their protoplasm. Of the soluble tuberculins there are three forms, one unconcentrated, and consisting simply of the broth in which the bacilli have been grown, one concentrated in the cold, and one concentrated at a temperature of about 70°C. Of the insoluble tuberculins there are two forms, one consisting of unaltered bacilli, and one consisting of bacilli in a fine state of subdivision. This gives us five forms of tuberculin, but there are really twice as many, since each is made from human and from bovine tubercle bacilli, and these preparations have different properties. (2) Tuberculin concentrated in the cold, and called vacuum tuberculin and bovine vacuum tuberculin.
(3) Tuberculin concentrated at a raised temperature. This, if from human bacilli, is the familiar old tuberculin of Koch, the substance referred to when the term tuberculin is used without qualification. The corresponding bovine preparation is called bovine tuberculin, or more shortly P.T.
Of the insoluble forms we have:
(1) The emulsion of bacilli, analogous to the ordinary vaccine. This is called Bacillus emulsion and Bovine bacillus emulsion, and referred to as B.E. and P.B.E. for the two forms respectively.
(2) The preparation of the finely ground bacilli, called T.R. and P.T.R. in the two forms.
Of these preparations I have had most experience of old tuberculin, Bacillus emulsion, T.R., and P.T.O. Of these preparations I am very strongly under the impression that the soluble forms are by far the most potent for good or ill. The substance to choose depends largely on the aim of your treatment: if you wish not to injure your patient and to do no harm, I think you will find T.R. the best form to use, whereas, if you wish to cure him, old tuberculin or P.T.O. will serve your turn best. As regards the difference between the human and the bovine forms, I think (though it is very difficult to make quite sure) that the bovine form, P.T.O., is milder and easier to handle, being less likely to cause violent reactions thaii the human form. I have not seen any evidence to make me think that human tuberculin is especially indicated in surgical tubercle, or in conditions due to the bovine bacillus, or vice versa. I have gob*very good results with both forms in surgical tubercle and in phthisis.
Here let me emphasize one point very strongly. Whatever form of tuberculin you use, it is absolutely necessary when you are dealing with dilutions that these should be made up fresh. I have definite evidence that diluted tuberculin may become partially or entirely inert in a week or a little more: patients who have been thoroughly immunized to a certain dose of tuberculin not a fortnight old may give a violent reaction with half or three-quarters of the same dose of tuberculin taken from the same bottle, but just diluted. Where possible the dilutions should be made up twice a week, or once at the very least. If this is not done you may meet with violent reactions when passing from one dilution to another, and the course of treatment be fraught with danger.
May I also put in a plea for the system of recording the doses in terms of the amount of the remedy given, and not of the active ingredient it contains, or is supposed to contain ? If you say you have given a patient TO? c.c. of T.R. no one can possibly mistake your meaning, whereas there are two distinct systems of stating the amount of solid substance it is suppose to contain: an amount which you cannot possibly check.
Will you have patience with me whilst I give a brief outline of my own views of the method in which tuberculin acts? For some theory we must have, even though a faulty one; without it we shall learn nothing from our mistakes, and our methods will remain the merest guesswork. The theory I shall describe is, I believe, accurate as far as it goes, but there are certainly factors which have so far defied discovery. I believe that practically everyone, certainly all adults in London, show some sign of possessing acquired immunity to tuberculosis. This is shown, amongst other ways, by the fact that almost all such persons have in their sera substances which possess the power of deviating complement in presence of tubercle bacilli, or of inhibiting such a combination when tubercle bacilli and antituberculous serum are incubated together. Excluding this latter phenomenon, which is not common and is at present unexplained, this indicates the presence of antibodies, which we know from other diseases are usually the accompaniments, if not the actual cause, of acquired immunity. Leaving out the cases which show the presence of this inhibiting substance, I find that complement disappears more or less rapidly when any serum, whether from a normal or from a #tuberculous person, is mixed with tubercle bacilli, and I think it is fair to regard this as indicating the presence of antibodies, as in other diseases. Now in most tuberculous persons the amount of antibodies, as tested in this way, is greater than it is in health. In some cases it is enormously greater, and in quite general terms I find that the better the patient is doing the greater the amount of antibodies. I may say at once that I do not believe it is possible as yet to estimate the degree of immunity which any person possesses to tuberculosis by the method of complement absorption, or by the opsonic index, or by any other process, but in the majority of cases thp greater the amount of antibodies the better the prognosis. Now the first effect of tuberculin I shall discuss (it is not the first in point of time) is a notable increase in the-amount of these antibodies, and I think we may fairly say, concurrently with this an increase in the degree of immunity to some at least of the tuberculous products formed in the body. A patient treated with tuberculin becomes less sensitive to the action of that substance, so that a larger amount has to be used to produce the same effect as was previously obtained with much smaller amounts. He is also less sensitive to auto-inoculation, and can take more exercise without a rise of temperature. If he has a purely tuberculous temperature to begin with, this often falls to normal: of course if it is due in part to a secondary infection to begin with this is not so easilyaecomplished. Tuberculin, then, in suitable doses can bring about at least a partial degree of immunity to tuberculosis. I say partial, for it is only too true that the disease may progress though the patient may appear, when tested by all the means at present at our disposal, to possess a degree of immunity much greater than normal.
Now to bring about this degree of immunity two conditions are necessary. The amounts of tuberculin given must be large, and the intervals between them suitable. If you give a long series of minute doses, such as are used by the supporters of the opsonic theory, the patient remains as susceptible as before, or may even become more so. This is because the doses are not large enough: as you will see subsequently, I do not say this method of treatment is useless, but I do say that it will not bring about any appreciable degree of immunity, unless, indeed, it is associated with graduated auto-inoculation, in which it is the latter procedure that is really efficacious in this respect. And the original method of giving tuberculin in rapidly increasing doses at short intervals, to the accompaniment of violent and often-repeated reactions, is also useless in this respect. The amounts given were large enough in all conscience, but not enough time was given between each to allow the defensive substances to be produced, or for the tissues to acquire immunity to the action of the poison. This interval varies according to the patient and to the dose given, but in general it-ranges from two days for small doses up to four, five, or six days for large ones.
The second effect of tuberculin is manifested in the production of reactions, which, in their fully developed form, consist of three parts:
(1) The focal reaction, manifesting itself as an inflammatory swelling around any tuberculous lesion in the body, and not simply one near the region injected.
(2) The local reaction, occurring at the seat of inoculation, and exactly similar in nature to the now familiar von Pirquet's reaction. (3) The general reaction, manifesting itself as fever and the allied phenomena. With the latter we have nothing to do except to avoid it. I do not think that a severe general reaction is necessarily harmful, especially to a localized surgical lesion without secondary infection, but I think we can get equally good results in their absence. But I hold most strongly that the focal reactions are of extreme importance in the cure of tubercle by tuberculin: when violent they may, of course, be harmful, though they are not necessarily so, but when slight or moderate they are beneficial in the highest degree. When tuberculin is properly administered they should be so slight as to be unnoticeable except in the case of superficial lesions, and in particular of tuberculosis of the eye. It is for this reason I have taken such interest in the treatment of this class of case, since every effect of the remedy can be followed with precision. In such a case every dose of tuberculin, if of suitable amount, is seen to be followed in a few hours by swelling and redness of the lesion,' and when this has passed off the latter is always found to have undergone improvement. To this rule I have seen no exception, and I have never yet seen a case of tuberculosis of the eye which has resisted suitable treatment with tuberculin. I should like to quote one case, an extremely severe one, recently under the care of Mr. Cargill in King's College Hospital.
The patient, a young man, aged 20, had already had one eye excised for a condition exactly similar to that from which he now suffered in the remaining eye. This showed tuberculous nodules at the sclerocorneal junction, and deposits at the back of the cornea and the angle of the anterior chamber. The iris was muddy and bound down by adhesions, and the pupil partially filled with lymph. The anterior chamber was deep, and the sclerotic injected. His vision was confined to the recognition of lights and shadows: he could not count fingers in a good light close to the eye. Treatment was commenced on October 22, 1911, with ulo3o of P.T.O., which was increased until c.c. was given on February 7, 1912. He has now gone to a convalescent home, but the treatment will be continued on his return. His condition has improved enormously, and although he is not cured he has now a useful eye. He can read small type (Jiiger 1), and his distant vision is 64. All the nodules have disappeared, the injection of the sclerotic has gone, and the pupil is clearer. Now it was most noticeable in this patient that each injection was followed by redness and swelling of the lesions, whether there was a general reaction (which occurred two or three times) or not.
I was interested to hear Dr. Latham say that tuberculin, even in suitable doses, is often followed for a short time by an increase in the amount of sputum in cases of phthisis. I can quite corroborate this statement, and I regard the phenonmenon as proof of the occurrence of a focal reaction in these patients: the sputum, which would otherwise remain in situ or coine away gradually, is expelled by the swelling of the mucous membrane. In some cases there is no sputum at all except after an injection, when a single mass is expelled.
In some instances I have seen very marked improvement after a single reaction, even of some degree of violence, and though I need hardly say that I should never cause their occurrence deliberately, I have often had cause to feel glad that I have done so accidentally. But I think we can also get negative evidence of the value of local reactions from some cases in which benefit only occurs when the doses are being increased, ceasing when maximum doses, to which the patient has become accustomed, are reached. This is a case in point:-The patient, a youth, aged 19, was admitted to King's College under Dr. StClair Thomson suffering from extensive lupoid ulceration of the nose, mouth, pharynx, and upper part of larynx. He had an ulcerated patch on each side of the nasal septum, just inside the vestibule, a similar condition on each side of the soft palate, and of the posterior wall of the pharynx on each side behind the posterior faucial pillar. This extended also to the epiglottis and the arytaenoid folds. The condition was a serious one, and was apparently spreading rapidly, but his lungs were healthy. Under these circumstances I judged it right to push tuberculin with some rapidity. I began at T-Ip), of old tuberculin on April 18, 1911, and got up to 1 c.c. by June 27. During this time there were several severe general reactions, and the patient steadily improved.
He became an outpatient, and I continued with 1 c.c. each week. For more than a month mild reactions occurred after each, though not sufficient to prevent him from going on with his work, and the improvement continued. After this the patient became acclimatized, the reactions ceased, and the disease remained at a standstill, or at most improved extremely slowly. Since September he has had injections only once a fortnight. He is now very greatly improved: the only ulcer present is a small one on the right side of the nasal septum, the left side being healthy. There is still some thickening on the posterior side of the soft palate, though none in the anterior. There is also a suspicion of the same condition in the epiglottis and right aryteenoid. I quote this case as one in which the improvement seemed to cease when the reactions did so, but I have in my own mind some doubt as to whether the lesions that are now present are actually tuberculous at all, and do not consist merely of scar tissue.
I regard the focal reaction as of so much importance that you must pardon me if I consider it in a little more detail. I do not propose to deal with the method of its production, as it is not at present fully understood, and it would lead us into some difficult problems in anaphylaxis.
First, as to the dose necessary. This varies with the degree of acquired immunity to the substance, and I believe also to the amount of antibodies in the blood. I have not been able to estimate the dose necessary to cause a reaction by employing a method of complement absorption, but from a study of my results I believe it is substantially correct to say that where the complement-absorbing power is great the early stages of the course of tuberculin may be hurried over more rapidly than when it is short, the danger of a severe reaction from small doses being much less. Apart from this we can only tell the reacting dose in a given case by trying. It may be anything from TIYU c.c., or even less, up to 1 c.c. of old tuberculin; the latter, of course, in a patient who has been previously immunized by a course of injections.
Next, as to the relations between the local, focal, and general reactions. These vary somewhat in different patients, but as a rule the amount which will cause a local reaction round the seat of injection will also cause a focal reaction round the tuberculous lesion. Indeed, in some patients there may be a very definite though slight focal reaction where there is no appreciable effect whatever locally. I make this statement solely from my experience of eye cases, for there, as I have said before, a slight reaction is evident: when the tuberculous lesion is in a deep-seated part of the body the focal reaction, if slight, cannot be detected, and an observer studying these cases would come to a different conclusion. Even a lesion in the skin, such as lupus or a tuberculous ulcer, is not suitable for the purpose of studying these focal reactions, as a very slight and transient injection in that region is by no means so obvious as it is in the eye. I regard the local reaction as an important clue to what is going on in the diseased area, and I aim at giving such doses at such intervals as will cause the production, after some at least of them, of a slight reaction at the area of inoculation. I give the injections in the forearm, where the effect, if any, is readily visible. Such a slight reaction as I have in my mind is unaccompanied by any noticeable general reaction or by any rise in temperature that can be detected by ordinary methods. The rule therefore is this: aim at graduating the doses so that some at least of them will cause a slight reaction only lasting from a few hours to a day, at the area of inoculation, and no rise in temperature.
I do not wish to deal at length with the way in which the focal reactions benefit the lesions' in which they occur, and will contelat myself by saying that they cause a flushing of the tissues with fresh blood, and that they probably also stimulate the metabolism of the living cells in the neighbourhood of the tubercle bacilli, increasing their vitality and their power of resisting invaders. There is also frequently a general effect in improving the metabolism, which I believe is not a specific action. A patient should gain markedly in weight whilst undergoing a course of tuberculin, and if he does not do so the doses are probably unsuitable. This is, I believe, always the case in phthisis, but in a small uncomplicated surgical lesion which is doing well I have disregarded a moderate loss of weight without bad results.
I shall now revert briefly to the action of small doses at long intervals-such, for example, as are used by the supporters of the opsonic theory. I am far from saying that these are valueless.. One case, of a large tuberculous ulcer of the arm, which I treated strictly by the opsonic method, made a great impression on me, the healing being so rapid and the resulting scar so perfect. I believe these infinitesimal amounts of tuberculin have a double action. They cause reactions, and they may also render the patient even more sensitive to the action of tuberculin than he was before. May I remind you of the extraordinarily minute amount of blood serum which may cause hypersensitiveness or anaphylaxis in a guinea-pig? According to some, as little as the one-millionth part of a cubic centimetre will alter the animal so profoundly that he may die in a few minutes after the injection of a second, larger, dose of the same serum. Exactly what is the relation between anaphylaxis and hypersensitiveness to tuberculin is as yet unknown, but there is no doubt that small amounts of the material will, under certain circumstan6es, render a person more sensitive than he was before. Using these small amounts, therefore, we get one of the beneficial effects of tuberculin-the series of minimal reactions, and in this way the effect is good. But we do not get the acquired immunity both to tuberculin and to the tuberculous products formed in the body. Indeed, the patient may become hypersensitive thereto, so that the same dose of tuberculin may cause more and more marked reactions each time, and the injections, extremely small though they be, may be a source of added danger. I think it is for this reason that the opsonists have steadily lowered their doses, and we now hear of such infinitesimally small amounts as the Tu0XO1Y part of a milligrainme of T.R.-and this often stale-given every fortnight.
We may avoid this hypersensitiveness by giving our doses at comparatively small intervals. Anaphylaxis takes about ten days to develop, whereas the immunizing effect is manifested in from two to five. Give a patient a dose just smaller than the reacting amount, wait for a fortnight, and repeat it; you will not infrequently find that he reacts, sometimes violently. But if you give your second injection after three or four days you will find as a rule that you can give not only the same amount but half as much again without causing a reaction. Late in the series, when the patient has attained a high degree of immunity to tuberculin, the intervals may be longer, and when you have attained 1 c.c. the intervals may be a fortnight or three weeks. I should like to call attention to an interesting point about the reactions which may occur occasionally in persons who are partially immunized to tuberculin and who receive an injection after an unusually long interval. The reaction may occur at once, within a quarter of an hour, and may take the form of violent abdominal pain, sometimes with diarrhoea or vomiting. I believe this to be a true anaphylactic phenomenon. Now as regards practical rules for the administration of the remedy. I think we may recognize three stages in a course of treatment:
In the first stage we are feeling our way to the reacting dose, which, as I said before, differs greatly in different patients. We begin, therefore, with a very small amount and increase our doses as rapidly as we dare until a slight local or general reaction warns us that we are near the limit of toleration. The rapidity with which we can do this depends on the nature of the case. In lung disease we must go much more slowly than when we are dealing with localized surgical tubercle in a patient in whom the lungs are not infected, for in the latter condition a sharp reaction will do no harm, indeed, will probably be beneficial. In long-standing cases, especially those which have come to a standstill, there is as a rule a substantial amount of immunity; and the early stage can be hurried over. In a case of phthisis I should suggest such doses of P.T.O. as Of-alZu, 1 1 TBYoJ and so on. In a case with a single surgical lesion of some duration I should commence with ten times this amount. As I said before, I believe that a study of complement deviation may enable us to shorten this stage somewhat, and to proceed with much more freedom. In this first stage we are preparing the way, and we should not expect much benefit from our injections.
In the second stage we aim at keeping all the time on the verge of a reaction, but without bringing about any appreciable rise of temperature. Here the increase must be very gradual, and if there is any general reaction after any dose it must be repeated until the patient is absolutely immunized to this amount before proceeding to larger. In general terms the successive amounts in a series should be somewhat in the proportion of 1, P5, 2, 3, 5, 7.5, and 10; thus if a patient gave a mild reaction after l-o c.c. I should repeat the amount until no effect was produced, and then proceed to 1'5 1 3 X o 00 0' o and lMO' and so on, the interval after each injection being three, four, or five days. In a febrile or hypersensitive case the increase after each dose would be less, in a chronic surgical case it might be more. Each patient has to be studied separately, and no hard and fast line of treatment can be laid down. I do not regard the method as being desirable for outpatients under the usual conditions of hospital practice, where they are only seen once a week. This is especially the case in the early stages where it is in the highest degree advisable that the temperature should be taken after each injection, and in phthisical patients, in whom an overdose may do much harm. If the earlier stages of the course can be effected in hospital and the patients got up to such doses as -51 to A1 c.c., the rest of the treatment may very well be done if the patient attends once a week, especially if he can be trusted to take his temperature once or twice after each injection. Even this is not always absolutely necessary, for an intelligent patient can often recognize a reaction if he has experienced one previously. But in the treatment of outpatients, however prepared, it is advisably to increase the dose very slowly.
In the third stage we aim at maintaining the high level of immunity, and here the interval between the doses may be increased. The patient is in the condition of an antitoxin horse, which will retain its immunity for long periods if occasional doses be given. Patients in this stage, as in the throat case I have described, do not always improve, though I believe they are not likely to slip back, unless indeed from a secondary infection. I attribute this cessation of improvement to a cessation of reactions, and I think it is quite possible that it may actually be advantageous to let the patient wait for a comparatively long period between the injections, so as to let him re-attain some degree of sensitiveness. If you begin with P.T.O. or T.O.A. you may also cause these slight reactions by going on to more potent preparations such as P.T. or old tuberculin.
In conclusion, I regard tuberculin as a remedy of enormotis value, but as one which-is difficult to handle, so that its use should be learnt in mild cases of surgical tubercle in which no harm is likely to occur. Properly used, in most cases it gives results of the greatest value, but occasionally, like all vaccines, it proves disappointing, and one of the greatest advances we may look for in the future is the reason for its non-success and the method by which this may be avoided.
Dr. A. C. INMAN: At the Tenth International Medical Congress, on
August 4, 1890, Koch made his first statement that he regarded it as a possibility to cure tuberculosis by means of active immunization. On November 13 of the same year appeared his communication on the subject under the title " Weitere Mittheilungen uber ein Heilmittel gegen Tuberculose." Before applying himself to the treatment of man, Koch had carried out a series of very careful experiments on guinea-pigs. He found that he could inject subcutaneously up to 2 c.c. of undiluted old tuberculin into healthy animals without any very marked effect. When he came to consider the case in man he found this great difference: the injection of 0 25 c.c. produced the most intense reaction, whilst even a dose of 0'01 c.c. led to a mild reaction, when injected subcutaneously into a healthy adult. Man is, then, very much more sensitive to tuberculin than guinea-pigs. In the communication to which we have referred Koch definitely states: " Die wichtigste dieser Eigenschaften ist die specifische Wirkung des Mittels auf tuberculbse Processe, welcher Art sie auch sein mogen," and nothing has since arisen to shake our faith in the specific action of tuberculin. But we have learnt one point of great practical inmportance-namely, that tuberculin can act on an inactive as well as an active tuberculous lesion, and that the presence in the body of an inactive latent tuberculous lesion is sufficient to determine a positive tuberculin reaction. Koch 
